Rhizanthella gardneri R. S. Rogers is an entirely subterranean mycoheterotrophic 12 orchid only known from two isolated populations within south-west Western 13 Australia. This rare species appears restricted to habitats dominated by species of the 14 Melaleuca uncinata complex. Rhizanthella gardneri purportedly forms a tripartite 15 relationship with Melaleuca * , via a connecting mycorrhizal fungus, for the purpose of 16 carbohydrate and nutrient acquisition. Here, we quantify key climate, soil and 17 vegetation characteristics of known R. gardneri habitats to provide baseline data for 18 monitoring of known R. gardneri populations, better understand how R. gardneri 19 interacts with its habitat, and to identify possible new sites for R. gardneri 20 introduction. We found that the habitats of the two known R. gardneri populations 21
Lepschi thickets ( Fig. 2b) whereas the Southern populations occur in thickets of M. 8 hamata Fielding & Gardner, M. uncinata R.Br. and/or a third apparently undescribed 9 species of the M. uncinata complex (Craven et al. 2004 ). All of the above Melaleuca 10 species are taxonomically similar and belong to the M. uncinata complex, a group of 11 species widely distributed throughout southern Australia (Craven et al. 2004; sites are considerably sandier than the loamy soils at Southern sites, although they 1 often form hard surface crusts during prolonged dry spells, especially during summer. 2 A summary of the general site characteristics of the Northern and Southern 3 populations of R. gardneri, including historical information, is given in Table 1 . 4
5
Aboveground structure and productivity of Melaleuca thickets 6
Three replicate plots of 10 m x 10 m were established within Melaleuca thickets at 7 each of the six sites. Shrub density, canopy cover, stem number and height were 8 measured for ten Melaleuca shrubs within each 10 m x 10 m plot. The biomass of 9
Melaleuca at each site was estimated by destructively sampling five individuals, 10
representative of the range of canopy areas, and measuring their above ground 11 biomass. Individual plants were separated into foliage and stem components, weighed 12
and a sub-sample of foliage measured for total leaf area using a Li-3100 Area Meter 13 (Li-Cor Inc, Nebraska). The sub-sample of leaves was then oven dried at 70 o C for 48 14 hours, and specific leaf area (m 2 kg -1 ) was calculated for each shrub. Leaf area per 15 shrub was calculated as specific leaf area x total dry leaf mass. 16 17 Standing leaf litter was measured by collecting all litter within 50 cm x 50 cm squares 18 at 0, 50 and 100 cm distance from randomly selected Melaleuca shrubs from within 19 each of the three plots at each site. Litter was sorted into principal (Melaleuca) 20 components (leaves, fruits, twigs) and those of other species (leaves and fruit) before 21 being oven dried at 60 o C for 48 hours and then weighed. 22 coincide with R. gardneri flowering and when soil moisture was consistently greatest. 1 Duplicate soil cores (7.5 cm diameter) were sampled 10, 25, 50 and 100 cm in a south 2 westerly direction from three randomly selected Melaleuca shrubs from each of the 3 three plots at each of the six sites. Cores were bulked by position within each plot 4 after separating into 0-5 cm and 5-15 cm depths for measurement of root biomass. 5
Leaf litter depth (mm) was also recorded at all sampling points. Roots were separated 6 from soil by sieving samples (< 1 mm) under running water, and hand-sorting roots. 41.51 % C,  13 C -28.61) that was in turn standardised against primary analytical 3 standards (IAEA, Vienna). Accuracy was measured at 0.07 %, while precision was 4 measured at 0.03 %, according to the stipulations for reporting analytical error in 5 stable isotope analysis outlined by Jardine and Cunjak (2005) . 6 7
Data analysis 8
The best models for predicting component biomass of Melaleuca based on canopy 9 area as the independent variable were determined after testing a number of different 10 allometric models. The allometric models that best fitted the data were chosen by 11 examining residual distributions and maximum adjusted r 2 . The behaviour of the 12 models for small diameter and "out of sampled range" trees were also carefully 13 examined. The models tested were; y = a + bx and y = a + bx + cx 2 ; where x is total 14 canopy area (m 2 ), y is the mass of different components of sample shrubs, a, b and c 15 are constants. 16 among sites. In all cases, data were first checked for normality and square root or log 21 transformed where necessary to improve homogeneity of variances. For analyses 22 where samples were divided into depths (soil analyses) or distance from Melaleuca 23 stems (standing litter biomass, root biomass, ergosterol concentrations), two-way 24 ANOVA was used to determine if there was significant interaction between the twoindependent variables. Significance level for all analyses was P  0.05 and Statview 1 5.0 software (SAS Institute 1996) was used for all statistical analyses. 2 3 Multivariate analyses were used to investigate overall similarities and differences 4 among sites. Similarity of the soil characteristics of Northern and Southern sites was 5 calculated using principal components analysis and non-metric multidimensional 6 scaling ordinations (Primer software version 6.2, Primer-E Ltd, Clarke and Gorley 7 2006). Analysis of similarity (ANOSIM) was performed to determine if samples 8 within groups were more similar than between groups. Similarity percentages 9 (SIMPER) analysis was used to determine contribution of individual variables to 10 dissimilarity of groups. Data were normalised prior to analysis and Euclidean distance 11 was used to generate the resemblance matrix for data (Clarke and Gorley 2006) . Northern sites compared to the Southern sites (P = 0.0006; Northern and Southern sites, meaning that patterns of total aboveground biomass 5 allocation were consistent across all sites even though shrub size differed (Table 3) . 6
Aboveground biomass per hectare of Melaleuca shrubs was estimated by applying the 7 plot census data. Aboveground biomass of the Melaleuca shrubs was significantly 8 greater at Southern sites (19,070 kg ha -1 ) compared to Northern sites (18,300 kg ha -1 ). 9
Shrubs also had more leaves in Southern sites, where foliage contributed 17.3 % of 10 the aboveground biomass compared to only 12.9 % at Northern sites ( (Craven et al. 2004) . 19
We attempted to quantify carbon assimilation as well as transpiration rates of 20
Melaleuca individuals but were unsuccessful as rates of gas exchange from the fine 21 leaves were below levels of detection of a range of infrared gas analysers. However, 22 leaf area is also an index of photosynthetic potential; while Melaleucas of Northern 23 and Southern sites were overall similar in their potential to supply photosynthate to a 24 mycoheterotrophic orchid, the variability within the Southern sites suggests that R.gardneri can survive across a broad range and the Kunjin site, for example, may be 1 able to supply greater carbon from the host plant to any associated R. gardneri given 2 the much greater leaf area at that site. 3
4
Standing leaf litter at Southern sites (~0.6 -1.5 kg m
2 ) was about twice that of 5
Northern sites (P = 0.0019), reflecting the greater allocation of biomass to foliage and 6 larger total leaf area. Leaf litter accumulated directly at the base of individual 7
Melaleuca plants (Figure 3 ). Melaleuca leaves made up the majority of total standing 8 litter (60 % at Northern sites and 70 % at Southern sites) and was strongly correlated 9 to total standing leaf litter (r 2 = 0.862). When litter depth (rather than litter biomass) 10 was measured, litter depth decreased with increasing distance (10, 25, 50 and 100 cm) 11 from the base of individual Melaleuca plants; litter depth was also about 30 % greater 12
at Southern sites (6-15 mm) compared to Northern sites (3-12 mm) (Fig. 2) . 13
14

Melaleuca root and living fungal biomass in Melaleuca thickets 15
Root (< 2mm diameter) biomass in the top 15 cm of the soil profile was similar at all 16 four sampling distances (10, 25, 50 and 100 cm) from the base of Melaleuca shrubs 17 (Figure 3 ). However, root (< 2mm diameter) biomass in the top 15 cm of soil was 18 more than twice as great at Southern sites (3.5 g cm 3 ) compared to Northern sites 19 (Fig. 3) , consistent with aboveground data and again demonstrating the higher 20 productivity of these sites. Similar trends were evident across soil depths (0-5 cm and 21 5-15 cm), where root (< 2mm diameter) biomass at Southern sites was 3.6 g cm 3 (0-5 22 cm depth) and 3.3 g cm 3 (5-15 cm depth), twice that of Northern sites. 23 1 biomass (Davis and Lamar 1992) and were consistently greatest closest to Melaleuca 2 individuals compared to samples further away (Fig. 4) . Northern sites had slightly 3 higher concentrations of ergosterol (3.7 μg g -1 soil) compared to Southern sites (2.9 4 μg g -1 soil). However, these data are based on a single collection made in June 2005 5 and are likely to be highly variable according to soil moisture (Grierson and Adams 6 2000). 7 8
Soil chemistry 9
Soils were significantly more acidic, albeit slightly, at Northern sites (~pH 5.3) 10 compared to Southern sites (~pH 5.9). Soils were ammonifying with very little nitrate. 11
Soil ammonium concentrations (NH 4 + -N) (0-20 cm) at Northern sites (~12 ug g -1 ) 12
were twice that of Southern sites (~6 ug g -1 ), with most ammonium concentrated in 13 the top 2 cm of soil (~22 ug g -1 ). However, total N concentrations at both Northern 14 and Southern sites were similar (~0.3-1 mg g -1 soil), indicating likely variation in 15 organic N fractions, where more N is likely associated with greater organic matter at 16 the Southern sites. Bray-P i was extremely low in all soils (0.5-1.5 ug g -1 ). However, 17 OH-P i was slightly greater at Northern sites (1.5-3 ug g -1 soil; P = 0.0061). C:N ratios 18 of soils were significantly less (P = 0.001) at Southern sites (22) (23) (24) (25) gardneri is present at potential sites. Based on a combination of germination trials and 4 observations that any R. gardneri individuals present were always directly at the base 5 of these Melaleuca spp., Warcup (1985 Warcup ( , 1991 Northern sites were more likely to be actively sequestering carbon via photosynthesis 17 and presumably more able to support mycorrhizal symbionts. However, the relative 18 dependency of R. gardneri and its fungus on carbohydrates from its autotrophic host 19 relative to utilization of carbon (and nitrogen) from other sources such as organic 20 matter, remains unknown. While it is thought that R. gardneri obtains carbohydrates 21 and nutrients directly from its fungal partner (rather than its autotrophic host), like 22 many ectomycorrhizal fungi, the fungal symbiont associated with R. gardneri 23 However, R. gardneri is directly linked to its mycorrhizal fungus and thus, dependent 5 on the fungus' tolerances and ability to interact in these specified habitats. Given the 6 nutritional dependence of R. gardneri on mycorrhization and the purported specificity 7 of this association (Warcup 1985 (Warcup , 1991 , R. gardneri can only survive while its fungal 8 partner is active. We found that Northern and Southern sites had similar living fungal 9 biomass. Ergosterol concentrations of soils sampled in this study were remarkably 10 high given the growth and climatic conditions, and are similar to concentrations found 11 in German grassland and forest soils (Djajakirana et al. 1996) and around half that of 12 soils of highly productive Jarrah (Eucalyptus marginata D.Don ex Sm.) forests of 13 southern Western Australia (Grierson and Adams 2000). However, it is not known 14 which species comprised most of the fungal biomass at our sites. Different fungal 15 species vary in their tolerance to drought conditions/moisture availability and it is 16 common to observe changes in ectomycorrhizal community composition (independent 17 of total fungal biomass measures) at varying moisture availability (Slankis 1974 ; Shiunknown what the natural fire frequency is in the regions studied and consequently if 1 fire is necessary for the recruitment and survival of both Melaleuca and R. gardneri. 2
Extensive land clearing has resulted in very few and small fragmented sites that have 3 been subsequently protected from fire because of proximity to agriculturally active 4 land. Nevertheless, M. uncinata s.l. has the ability to rapidly resprout after low 5 intensity burns (personal observations). In addition, the first R. gardneri plant 6 discovered intact (i.e., not during ploughing and land clearing) was found growing 7 under a ~70 cm high Melaleuca plant resprouting after having its aboveground 
